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Luneburg lenses have a response that is very a suitable for antenna designs for satellite communications [1]. A 
Luneburg lens is a rotationally-symmetric graded-index lens that transforms a point source (cylindrical or spherical 
wave) into a plane wave at the opposite direction in which it is fed [2]. One excellent characteristic of Luneburg 
lenses is that they finalise with a refractive index of 1 at their contour. Therefore, a perfect matching with free 
space is achieved and no reflections at the borders are expected. Reflections in a Luneburg lens are only produced 
at the transitions between materials defined by the required discretization in a practical implementation. Although 
the original idea of Luneburg was to implement a dielectric lens, dielectric materials produce high losses when the 
frequency increases. 


To overcome this limitation, non-Euclidean transformations were proposed to produce fully-metallic solutions [3-6]. 
This idea has recently been implemented for satellite communications in Ka-band [7]. In this case, a third 
dimension is used to produce the equivalent refractive index required for the lens, being all the propagation in air. 


A second possibility consists of using periodic structures, also named metasurfaces, such as metallic pins with 
different heights to tailor the required refractive index [8,9]. Differently to these works, it has recently been 
proposed the use of periodic glide-symmetric holes [10,11]. Holey structures are easy to mill, and more cost- 
effective than pin-type solutions. However, holes may require of small distances between plates to provide a 
sufficient increase of the equivalent refractive index [12]. In order to increase the distance between parallel plates, 
the refractive index provided by conventional holes was enhanced by using glide symmetry [13-15]. 


In this presentation, we describe these two techniques: non-Euclidean transformations and periodic structures; and 
we summarize their advantages and drawbacks. 


Index terms: Luneburg lenses, non-Euclidean transformations, glide symmetry, geodesic lenses, satellite 
communications, Ka-band, fully metallic lenses, beam-scanning, metasurfaces 
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Motivation 





There is a need for antennas for satellite communications (and 5G) with 


high directivity and steerable angle of radiation. 


If possible, these antennas should be fully metallic in order to reduce 


the losses. 


Antennas should have integrated circuitry to reduce losses and 


complexity. 
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Luneburg Lens 





It was derived by Rudolf Luneburg in 1944. 
Its main advantages are: 

It has a completely rotationally symmetric response: Low scan losses. 
It does not have reflections at the borders. 
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When a Luneburg lens is fed by a point 
source at its contour, a very directive beam 
in the opposite direction is created. 


The response of a Luneburg lens is UWB, 
limited only by: 

- Size of the lens at lower frequency. 

- Losses at higher frequency. 
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To use a top and a bottom layer to reduce 
the dispersion of the structure. 
Metallic structures: 

a To finalize with a structure in a 
parallel plate configuration: Excellent 
transition to free space. 

a Io propagate mainly in the аі 
between the metallic layers: Low 
losses. 
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Dispersion properties: Bed of nails 
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e Symmetric response with the glide- 
symmetric structure. 


Frequency (GHz) 











e Flatter response in frequency. 


O. Quevedo-Teruel, M. Ebrahimpouri, M. Ng Mou Kehn, “Ultra wide band metasurface lenses based on off-shifted opposite layers," IEEE 
Antennas and Wireless Propagation Letters, vol. 15, pp. 484-487, 2016. 
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Dispersion properties: Holes 





e Holey configuration: 
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| = 4 тт, р = 0.5 тт, 
П = 1.5 тт, 9 = 0.1 mm 


e Very symmetric response with the 
double layered structure. 
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e Very good stability with frequency. 


O. Quevedo-Teruel, M. Ebrahimpouri, M. Ng Mou Kehn, “Ultra wide band metasurface lenses based on off-shifted opposite layers,” IEEE 
Antennas and Wireless Propagation Letters, vol. 15, pp. 484-487, 2016. 
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e Key features: Е 
a Stable with frequency: 42 
vy Low dispersion 
a Symmetric response: 11 


v Almost isotropic. 


а Low values of refractive index in 
parallel plate: 0 


v Good transition to free space. 














O. Quevedo-Teruel, M. Ebrahimpouri, M. Ng Mou Kehn, “Ultra wide band metasurface lenses based on off-shifted opposite layers,” IEEE 
Antennas and Wireless Propagation Letters, vol. 15, pp. 484-487, 2016. 
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#91 Results: Luneburg 





e Ultra-wide band response 
demonstrated from 3GHz to 
19GHz: 








e Electric field distribution: 


- Point source to plane wave 
transformation. 








O. Quevedo-Teruel, M. Ebrahimpouri, M. Ng Mou Kehn, 
"Ultra wide band metasurface lenses based on off-shifted 
opposite layers," JEEE Antennas and Wireless 
Propagation Letters, vol. 15, pp. 484-487, 2016. 
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e Unit cell configuration: 


- Glide-symmetric holes 
loaded with pins 


Lens perimeter 
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Communications at Ka-band”, IEEE Antennas and Wireless Propagation Letters, vol. 17, no. 9, pp. 1588-1592, Sept. 2018. 





Luneburg lens (Ka-band) 








e Flare design: 







Two steps | 
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e It is a lens in which a source in any excited point of the circle 
surface will converge exactly at the opposite size of the 
circle. 


e It is a rotationally symmetric lens. 
e Equivalent to a homogeneous sphere. 


Non-Euclidian mapping 








e By equating optical path lengths, it is possible to calculate the refractive index 
of a lens on a curved surface. 


R.C. Mitchell- Thomas, O. Quevedo-Teruel, T.M. 
Flat space Arbitrarily curved space McManus, S.A.R. Horsley, and Y. Hao, “Lenses 
on Curved Surfaces”, Optics Letters, vol. 39, pp. 
3551-3554, 2014. 
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Flat Homogeneous 





M. Sarbort and T. Tyc, *Spherical media and geodesic 


lenses in geometrical optics", Journal of Optics, 2012. 
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н Hemisphere Cosine 








R.C. Mitchell-Thomas, O. Quevedo-Teruel, Т.М. McManus, S.A.R. Horsley, and Y. Hao, 
“Tenses on Curved Surfaces”, Optics Letters, vol. 39, pp. 3551-3554, 2014. 








Lens implementation 








A Luneburg lens can be implemented with this technique. 
e The surface can be bended to reduce the vertical dimension. 
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Q. Liao, N. Fonseca, and O. Quevedo-Teruel, “Compact Multibeam Fully Metallic Geodesic Luneburg Lens Antenna Based on Non- 
Euclidean Transformation Optics,” IEEE Trans. Antennas Propag., vol. 66, no. 12, pp. 7383-7388, Dec. 2018. 
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Antenna design 








Waveguides as connectors. 
e Optimized flare design. 
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The antenna is fed with coaxial ports. 
Each port excitation produces a different beam. 
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Radiation patterns 








Good agreement with simulations 
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Conclusions 





e The concept of Luneburg lens and its application for antennas for satellite 
communications has been introduced. 


e Two possible fully-metallic implementations have been implemented in Ka- 
band: 


2 Non-Euclidean/Geodesic lenses. 
Q Holey glide-symmetric metasurfaces. 


e Experimental results of both lens antennas have been presented. 
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